
                              
 

  
AD_________________ 

 
 
Award Number:  W81XWH-05-1-0546 
 
 
 
TITLE: Alkylating Derivatives of Vitamin D Hormone for Prostate Cancer 
 
 
 
PRINCIPAL INVESTIGATOR:  Rahul Ray, Ph.D.                                   
 
 
 
CONTRACTING ORGANIZATION:   Boston University School of Medicine 
                                                          Boston, MA 02118 
 
 
REPORT DATE:  October 2007 
 
 
 
TYPE OF REPORT: Annual 
  
 
 
PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
                                Fort Detrick, Maryland  21702-5012 
             
  
 
DISTRIBUTION STATEMENT: Approved for Public Release;  
                                                  Distribution Unlimited 
 
 
 
The views, opinions and/or findings contained in this report are those of the author(s) and 
should not be construed as an official Department of the Army position, policy or decision 
unless so designated by other documentation. 



 

 

REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-
4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE  
01-10-2007 

2. REPORT TYPE
Annual 

3. DATES COVERED 
30 Sep 2006 – 29 Sep 2007

4. TITLE AND SUBTITLE 
 

5a. CONTRACT NUMBER 
 

Alkylating Derivatives of Vitamin D Hormone for Prostate Cancer 
 

5b. GRANT NUMBER 
W81XWH-05-1-0546 

 5c. PROGRAM ELEMENT NUMBER 
 

6. AUTHOR(S) 
 

5d. PROJECT NUMBER 
 

Rahul Ray, Ph.D. 5e. TASK NUMBER 
 

 
Email:  bapi@bu.edu 

5f. WORK UNIT NUMBER
 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
 

8. PERFORMING ORGANIZATION REPORT   
    NUMBER 

Boston University School of Medicine 
Boston, MA 02118 
 

 
 
 
 
 

 
 
 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 
U.S. Army Medical Research and Materiel Command   

Fort Detrick, Maryland  21702-5012   
 11. SPONSOR/MONITOR’S REPORT  
        NUMBER(S) 
   
12. DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for Public Release; Distribution Unlimited  
 
 
 

13. SUPPLEMENTARY NOTES 
  

14. ABSTRACT  
The  two most significant achievements in this reporting period are : launching  of studies to evaluate the molecular 
mechanism/s of action of . 1,25-dihydroxyvitamin D3-3-bromoacetate (1,25(OH)2D3-3-BE), and development of an androgen-
sensitive mouse model of human prostate cancer.  In addition we have screened several cancer cell lines to determine 
potential efficacy of 1,25(OH)2D3-3-BE in cancers, in addition to prostate cancer. 

15. SUBJECT TERMS 
 prostate cancer, vitamin D derivatives, animal models 

16. SECURITY CLASSIFICATION OF: 
 

17. LIMITATION  
OF ABSTRACT 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON 
USAMRMC  

a. REPORT 
U 

b. ABSTRACT 
U 

c. THIS PAGE 
U 

 
UU 

     
      19 
 

19b. TELEPHONE NUMBER (include area 
code) 
 

 Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std. Z39.18 



 
 
 

Table of Contents 
 

 
 

 

 

Introduction………………….........………4 

 
Body………………………….....……...……4 
 
Key Research Accomplishments….……8
 
Reportable Outcomes…………….….……8 
 
Conclusions…………………………...……9 
 

Appendices…………………………...……10  

 



Introduction 
 

Therapeutic potential of 1,25-dihydroxyvitamin D3 (1,25(OH)2D3) in prostate cancer is 
well-recognized.  However, its clinical use has been restricted by its inherent calcemic toxicity.  
In recent studies we demonstrated that 1α,25-dihydroxyvitamin D3-3-bromoacetate 
[1,25(OH)2D3-3-BE], a derivative of 1,25(OH)2D3 that covalently links 1,25(OH)2D3 inside the 
ligand-binding pocket of nuclear vitamin D receptor (VDR) is a strong antiproliferative and pro-
apoptotic agent in several androgen-sensitive and androgen-refractory human prostate cancer 
cells.  Furthermore, 1,25(OH)2D3-3-BE demonstrated strong anti-prostate tumor effect in 
athymic mice without toxicity.  The goal of this project is to evaluate the translational potential 
of 1,25(OH)2D3-3-BE as a therapeutic agent for prostate cancer.  This will be achieved by 
determining the efficacy of 1,25(OH)2D3-3-BE in mouse models of human androgen-sensitive 
and androgen-insensitive prostate cancer, as well as evaluating its molecular mechanisms of 
action in several in vitro studies. 
 
Studies completed/goals achieved during the one year period (Year 2) of the project 
 
Studies to evaluate mechanism of action of 1,25(OH)2D3-3-BE in prostate cancer cell lines  
 
1. Modulation of 1,25-dihydroxyvitamin D3-24-hydroxylase (24-OHase) gene by 
1,25(OH)2D3 and 1,25(OH)2D3-3-BE in LNCaP androgen-sensitive human prostate cancer 
cells 

1,25(OH)2D3-3-BE is an alkylating agent and thus, in addition to alkylating VDR, it can 
potentially alkylate various cellular proteins non-specifically.  The demonstration that cellular 
activities of 1,25(OH)2D3-3-BE are mediated by VDR is an essential facet of our studies to 
evaluate the mechanisms of the cellular properties of this compound.  Several genes, including 
osteocalcin, osteopontin and 1,25-dihydroxyvitamin D3-24-hydroxylase (CYP24) are known to 
be induced by 1,25(OH)2D3.  In an earlier study we demonstrated that 1,25(OH)2D3-3-BE 
induces mRNA for osteocalcin and CYP24 in human keratinocytes.  In the current study we 
evaluated whether 1,25(OH)2D3-3-BE is capable of modulating the expression of CYP24, similar 
to 1,25(OH)2D3 in LNCaP androgen-sensitive human prostate cancer cells.  

 

The CYP24 gene product catalyzes the introduction of a hydroxyl group at the 24-
position in 1,25(OH)2D3, followed by multiple oxidations of the side chain leading to calcitroic 
acid, the final catabolite that is excreted.  Therefore, CYP24 is the initiator of the catabolic 
degradation of 1,25(OH)2D3.  We hypothesize that covalent attachment of 1,25(OH)2D3-3-BE 
into the ligand binding pocket of VDR will decrease its catabolism.  In essence it would require 
more 1,25(OH)2D3-3-BE to induce the same level of CYP24 message as 1,25(OH)2D3.  

  
 To further investigate the requirement for VDR in 1,25(OH)2D3-3-BE action, we used a 
specific VDR antagonist, ZK159222 which has been shown to be effective in blocking VDR- 
mediated gene regulation.  Therefore, LNCaP cells were treated with either 1,25(OH)2D3-3-BE 
or ZK 15922 alone or in combination, and the levels of CYP24 mRNA analyzed by RT-PCR.   
 

Experimental procedure: LNCaP cells were plated at 3 x 105 cells per well of a six well dish. 
The following day, the cells were treated with various concentrations of 1,25(OH)2D3 or 
1,25(OH)2D3-3-BE. Sixteen (16) hours later, total RNA was prepared by Trizol extraction 
(Invitrogen, Carlsbad, CA). One microgram of total RNA was subjected to reverse transcription 
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using moloney murine leukemia virus (MMLV) reverse transcriptase under standard conditions. 
Following cDNA synthesis, 1/10th of the reaction was subjected to PCR using gene specific 
primers to both 24-hydroxylase and beta-actin. The products were analyzed on a 1% agarose gel.  
In a separate experiment LNCaP cells were treated with various doses of 1,25(OH)2D3 or 
1,25(OH)2D3-3-BE, either alone or in the presence of various concentrations of ZK 159222. 

 

Figure 1:  Effects of various doses of 1,25(OH)2D3 or 1,25(OH)2D3-3-BE on the 
expression of 24-OHase gene in LNCaP cells; either alone or in the presence of 
an excess of 1,25(OH)2D3-anatgonist ZK159222

Results: The results of this experiment, shown in Figure 1, demonstrate that treatment of 
LNCaP cells with 10-7M of 1,25(OH)2D3 strongly induces CYP24-message, and moderately with 
10-8M.  In the case of 1,25(OH)2D3-3-BE, induction of  CYP24 mRNA is observed only at 10-

7M, and intensity of message is similar to 10-8M of 1,25(OH)2D3.  These results demonstrate a 
log scale difference in 
inducing the message 
for CYP24 between 
1,25(OH)2D3 and 
1,25(OH)2D3-3-BE.    

Furthermore, 
with ZK15922, CYP24-
message (by 
1,25(OH)2D3 and 
1,25(OH)2D3-3-BE) 
was reduced in a dose-
dependent fashion, and 
completely obliterated 
with 10-4M (of 
ZK15922).     

  

In an earlier study we demonstrated that 14C-1,25(OH)2D3-3-BE specifically labeled 
VDR in extracts of ROS 17/2.8 bone cells and calf thymus nuclear cytosol, indicating that 
labeling by 1,25(OH)2D3-3-BE is VDR-specific.  Therefore, collectively these results strongly 
suggest that cellular effects of 1,25(OH)2D3-3-BE in LNCaP prostate cancer cells are VDR-
dependent.   
Mechanism of apoptosis by 1,25(OH)2D3-3-BE:   
 
(i) Modulation of caspase 8  in DU 145 cells 
 
 Earlier we have demonstrated that 1,25(OH)2D3-3-BE induces apoptosis (programmed 
cell-death) in prostate cancer cells.  Caspase 3, 8 and 9 (and other caspases) are key indicators of 
apoptosis in cells.  For example, caspase 3 is activated during the cascade of events during 
apoptosis.  It cleaves a variety of molecules containing DEVD amino acid motif.  Such 
molecules include poly-ADP-ribose polymerase (PARP), U1-ribonucleoprotein etc.  Caspase 8 is 
an upstream caspase, and its activation leads to the activation of additional caspases and 
subsequent cleavage of PARP and other molecules.  Caspase 9 is a key regulator of apoptosis in 
vivo.  Activation of caspase 9 activates pro-caspase 3, which in turn is manifested through 
classical features of apoptosis such as cleavages of PARP, U1-ribonucleoprotein etc. 
 
Experimental procedure: DU145 cells were grown in medium to approximately 60% 
confluence when they were treated for 6 hours with 10-6M of either 1,25(OH)2D3 or 
1,25(OH)2D3-3-BE.  A control plate was run with ethanol-control.  After this treatment Caspase-
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Figure 2:  Caspase 8 assay of DU-145 cells, treated with 10-6M of 1,25(OH)2D3 or 1,25(OH)2D3-3-BE  

25000

8 assay was performed using Caspase colorimetric assay kit from R&D Systems (Minneapolis, 
MN) according to the manufacturer's instructions. Briefly, cells were collected by centrifugation 
at 1000 RPM for 5min. The cell pellet was lysed with lysis buffer, and the lysate was incubated 

on ice for 10 min. 
and centrifuged for 
10,000 RPM for 5 
min. Protein was 
estimated using 
Bradford protein 
estimation kit 
(BioRad). The 
enzymatic 
reactions were 
carried out in a 96 
well plate.  For 
each reaction 100 
μg lysate protein 
in 50 μl was 
incubated with 
50μl of 2 X 
reaction buffer and 
5 μl of caspase-8 
colorimetric 

substrate for 2h at 370C.  The absorbance was determined at 405 nm.   
 
Results: As shown in Figure 2, 1,25(OH)2D3-3-BE caused a strong elevation of caspase 8, 
while an equivalent amount of 1,25(OH)2D3 failed to do so (similar to ethanol-control).  This 
results suggests that apoptotic activity of 1,25(OH)2D3-3-BE is mediated through activation of 
caspase-pathway.  
 
Evaluation of PARP-cleavage by1,25(OH)2D3-3-BE in DU-145 cells 
 

Figure 3: PARP-cleavage analysis of DU-145 cells with various doses of 
1,25(OH)2D3 or 1,25(OH)2D3-3-BE.  Etoposide is a positive control.  
Figure 3: PARP-cleavage analysis of DU-145 cells with various doses of 
1,25(OH)2D3 or 1,25(OH)2D3-3-BE.  Etoposide is a positive control.  

 We specified earlier that caspase-activation leads to apoptosis which is manifested via 
cleavage of  poly-
ADP-ribose 
polymerase (PARP), 
U1-
ribonucleoprotein 
etc.  Since 
1,25(OH)2D3-3-BE 
activated caspase-8 
(Figure 2), we 
carried out a 
Western Blot 
analysis of DU-145 
cells treated with 
various doses of 
either 1,25(OH)2D3 
or 1,25(OH)2D3-3-
BE, followed by 
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Western Blot analysis with PARP-antibody.  As shown in Figure 3, neither 1,25(OH)2D3-3-BE 
nor 1,25(OH)2D3 induced PARP-cleavage, while etoposide (positive control) clearly 
demonstrated cleavage of the PARP protein.  These results indicate that apoptosis in DU-145 
cells, induced by 1,25(OH)2D3-3-BE may involve a PARP-independent pathway. 
 
Development of a mouse xenograft model of androgen-sensitive human prostate tumor 
  
 Our overall goal for this project is to determine the efficacy of 1,25(OH)2D3-3-BE in both 
androgen-sensitive, as well as androgen –insensitive human prostate tumor.  In the previous year 
we have developed a mouse xenograft model for androgen-insensitive (DU-145) prostate tumor.  
During the reporting year we have developed the same for androgen-sensitive LNCaP prostate 
cancer cells.  The procedure is given below. 
 
Procedure: Six (6) weeks old male athymic mice, weighing approximately 20 gm (Charles 
River) were kept on normal animal diet and water ad libitum.  LNCaP human androgen-sensitive 
prostate cancer cells were grown in DMEM media containing 5% FBS.  When the cells grew to 
confluence, they were trypsinized and centrifuged.  The cell pellet was suspended in PBS.  An 
aliquot was counted for cell-number.  Approximately 5 x 106 cells/ 100 µl of suspension was 
mixed with an equal volume Matrigel (a basement matrix, required for tumor-development) and 
200 µl of the mixture was injected (with a 26 gauge needle) under the skin in the flank of the 
mice.  Palpable tumor with an approximate size of 1 mm3 was obtained within two weeks post-
injection. 
 
Screening of cancer cells, other than prostate cancer for anti-proliferative activity with 
1,25(OH)2D3-3-BE 
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Figure 4: 3H-thymidine-incorporation assay of HS-766 pancreatic cancer cells, 
treated with various doses of 1,25(OH)2D3 or 1,25(OH)2D3-3-BE 
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Figure 4: 3H-thymidine-incorporation assay of HS-766 pancreatic cancer cells, 
treated with various doses of 1,25(OH)2D3 or 1,25(OH)2D3-3-BE 

 Similar to what we did in the first year (of this project), we continue to screen cancer 
cells, other than prostate cancer to determine efficacy (or lack thereof) of 1,25(OH)2D3-3-BE in 
various cancers.  As a general procedure we treated culture-grown cells with various doses of 
either 1,25(OH)2D3-3-BE or 1,25(OH)2D3 followed by 3H-thymidine incorporation assay 

(procedure 
given below). 
 
3H-thymidine-
incorporation 
assay: 
 After 
the treatment 
media was 
removed from 
the wells and 
replaced with 
media 
containing 3H-
thymidine 
(0.1μCi) per 
well, and the 
cells were 
incubated for 

3 hours at 370C.  After this period media was removed by aspiration and the cells were washed 
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thoroughly (3 X 0.5 ml) with PBS.  Then ice-cold 5% perchloric acid solution (0.5 ml) was 
added to each well 
and the cells were 
incubated on ice for 
20 minutes.  After 
this incubation, 
perchloric acid was 
removed by 
aspiration, replaced 
with 0.5 ml of fresh 
perchloric acid 
solution and the 
cells were incubated 
at 700C for 20 
minutes.  Solution 
from each well was 
mixed with 
scintillation fluid 
and counted in a 
liquid scintillation 

counter.  There were eight (8) wells per sample, and statistics were carried out by Student’s t test.  
Results are expressed as percent incorporation of radioactivity versus ethanol-control.   
 
Results 
 

As shown in Figures 4 and 5, 1,25(OH)2D3-3-BE has strong antiproliferative effect in two 
pancreatic cancer cell-lines (in addition to several kidney cancer cell-lines, delineated in the Year 
1 report), demonstrating its potential as a therapeutic agent for kidney and pancreatic cancers, in 
addition to prostate cancer. 
 
Plans for the immediate future: Currently we are in the process of developing a study to 
determine maximum tolerated dose (MTD) of 1,25(OH)2D3-3-BE in a mouse model.  Once that 
is established we will order a large number of athymic mice for our proposed efficacy study of 
1,25(OH)2D3-3-BE in both androgen-sensitive and androgen-insensitive mouse xenograft 
models.  
 

During the past one year our efforts with 1,25(OH)2D3-3-BE and a related has generated 
two (2) abstracts and one publication that are included in the appendix.   
 
KEY RESEARCH ACCOMPLISHMENTS 
 
• Launched several mechanistic studies to evaluate the molecular pathway of action of 
1,25(OH)2D3-3-BE.   
 
• Developed a mouse xenograft model for androgen-sensitive prostate tumor. 
 
• Determined antiproliferative activity of 1,25(OH)2D3-3-BE in pancreatic cancer cell line 
to evaluate potential therapeutic option for this compound. 
 
REPORTABLE OUTCOME 
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During the past one year our efforts with 1,25(OH)2D3-3-BE and a related has generated 

one publication, three (3) abstracts and an invited lecture (included in the appendix). 
 
CONCLUSION 
 

Our effort for the past one year has established the groundwork for the current year and 
beyond to develop 1,25(OH)2D3-3-BE and related compounds for prostate and other cancers.  
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APPENDIX 
 
 
Meeting Abstract 1:   
 
IMPACT meeting, Atlanta, GA, September 5-8, 2007 
 
A NOVEL VITAMIN D COMPOUND FOR PROSTATE CANCER 
 
Rahul Ray; James Lambert (University of Colorado Health Science Center, Aurora, CO), Sibaji 
Sarkar, Kelly S. Persons. 
 

Numerous epidemiological studies have demonstrated the importance of dietary vitamin 
D in preventing various cancers, including prostate cancer.  In addition, therapeutic potential of 
1,25-dihydroxyvitamin D3 (1,25(OH)2D3), the biologically active metabolite of vitamin D, and 
its analogs in cancer is well-documented.  However, inherent calcemic toxicity of this hormone, 
particularly at therapeutic doses, has prevented its general use as an anticancer agent, and 
opening the door for the development of vitamin D analogs with potent antiproliferative activity 
and reduced systemic toxicity. 

Prostate cancer cells respond to 1,25(OH)2D3 by decreasing proliferation and enhancing 
differentiation.  These cell-regulatory processes result from a strong and specific interaction 
between 1,25(OH)2D3 and vitamin D receptor (VDR) present in the nucleus of the tumor cells.  
With financial support from the Department of Defense Prostate Cancer Research Program, 
Fiscal Year 2005 Idea Development Award we have developed a novel derivative of 
1,25(OH)2D3 [1,25-dihydroxyvitamin D3-3-bromoacetate, 1,25(OH)2D3-3-BE] that covalently 
attaches 1,25(OH)2D3 inside the ligand-binding pocket of VDR.  We hyothesized that covalent 
attachment of 1,25(OH)2D3 (via 1,25(OH)2D3-3-BE) inside the VDR-binding pocket will not 
allow the catabolic enzymes to degrade 1,25(OH)2D3, and effectively increase the potency of 
1,25(OH)2D3.  As a result lesser amount of 1,25(OH)2D3 –3-BE will be required for tumor-
reduction with diminished toxicity. 

In vitro assays of 1,25(OH)2D3-3-BE demonstrated that this compound has strong 
growth-inhibitory property in several hormone-sensitive and hormone-insensitive prostate cancer 
cells (LNCaP, PC-3, DU-145, LAPC-4).  This growth-inhibitory effect is considerably stronger 
than an equimolar amount of 1,25(OH)2D3.  Furthermore, we observed that 1,25(OH)2D3-3-BE 
induces programmed cell death or apoptosis in these cells (contrary to 1,25(OH)2D3) as 
demonstrated by fragmentation of nuclear DNA and activation of pro-apoptotic caspases.  Most 
importantly preliminary in vivo studies showed that 1,25(OH)2D3-3-BE strongly reduces 
androgen-refractory prostate tumor (DU-145) in a mouse xenograft model without causing 
significant toxicity.  These results demonstrate strong therapeutic potential of 1,25(OH)2D3-3-BE 
in prostate cancer. 

Aphios Corporation, Woburn, MA has procured the exclusive right to use this compound 
in prostate cancer.  They are in the process of making liposomal preparations of 1,25(OH)2D3-3-
BE in anticipation of clinical trial.  Furthermore, 1,25(OH)2D3-3-BE  
has shown very strong promise in pancreatic, renal and bladder cancers.   

In summary, we have used funds from DOD, PCRP to develop a vitamin D compound 
with strong therapeutic and commercial potential for prostate and other cancers. 
IMPACT: No therapy is currently available for prostate cancer, localized or metastasized 
that fail to respond to androgen therapy.  Our results demsonstrtate that 1,25(OH)2D3-3-BE, a 
derivative of 1,25(OH)2D3, has a strong therapeutic potential in such malignancies. 
 

 



Meeting Abstract 2:  
 
Nano Science and Technology Institute, Annual meeting, Santa Clara, CA, May 20-24, 
2007. 
 
Nanosomal formulation of a vitamin D receptor alkylating compound for prostate cancer.  
Rahul Ray1, and Trevor Castor2.  1Boston University School of Medicine, Boston, MA 02118, 
617-638-8199, FAX 617-638-8194, bapi@bu.edu, and 2Aphios Corporation, Woburn, MA 
01801, 781-932-6933, FAX 781-932-6865, tcastor@aphios.com  (Cancer Ligands) 
  Prostate cancer is the second leading cause of cancer death in men in the US.  The 
mainstay of chemotherapy includes androgen-deprivation.  However, no therapy is currently 
available for prostate cancer, localized or metastasized that fail to respond to androgen therapy.  
In addition to androgens, prostate cancer cells respond to 1,25-dihydroxyvitamin D3 
(1,25(OH)2D3) by decreasing proliferation and enhancing differentiation.  Furthermore, most 
cancer cells contain nuclear vitamin D receptor (VDR) that is responsible for the biological 
actions of 1,25(OH)2D3.  However, use of 1,25(OH)2D3 has been seriously limited by risk of 
hypercalcemia and hypercalciuria at pharmacological doses.   

Interaction between 1,25(OH)2D3 and VDR is an equilibrium process.  Therefore, in the 
steady state a finite amount of free 1,25(OH)2D3 (not bound to VDR) is always present in the 
equilibrium mixture, which undergoes rapid catabolic degradation.  From a therapeutic 
standpoint such catabolic degradation is met clinically with high doses that cause toxicity.   
Therefore, if catabolic degradation of 1,25(OH)2D3 is reduced or  eliminated its therapeutic 
potency can be enhanced significantly.  

1α,25-Dihydroxy vitamin D3-3-bromoacetate (1,25(OH)2D3 –3-BE) is a derivative of 
1,25(OH)2D3 which reacts specifically with a single Cysteine residue in the ligand binding 
pocket of VDR.  We argued that, 1,25(OH)2D3-3-BE, once covalently linked to VDR, cannot 
exit the binding pocket; making it an irreversible process.  Furthermore, 1,25(OH)2D3 –3-BE, 
covalently linked inside VDR binding pocket is prevented from interacting with catabolic 
enzymes.  We hypothesized that such a process will increase the effective concentration of 
1,25(OH)2D3; and lesser amount of 1,25(OH)2D3 –3-BE will be required for tumor-reduction 
with diminished toxicity.    
 In vitro tests of 1,25(OH)2D3-3-BE demonstrated that this compound has strong growth-
inhibitory and apoptosis-inducing properties in several hormone-sensitive and hormone-
insensitive prostate cancer cells (LNCaP, PC-3, DU-145).  This growth-inhibitory effect was 
significantly stronger than an equimolar amount of 1,25(OH)2D3.  Furthermore, 1,25(OH)2D3-3-
BE induces apoptosis in these cells contrary to 1,25(OH)2D3.  Additionally, preliminary in vivo 
studies showed that 1,25(OH)2D3-3-BE is of low-toxicity, and it strongly reduces androgen-
refractory prostate tumor (DU-145) in a mouse xenograft model.  On a molar basis 1,25(OH)2D3-
3-BE is approximately six (6) times stronger than 1,25(OH)2D3 in reducing tumor-size.  It is also 
significantly less toxic than an equimolar amount of 1,25(OH)2D3.  Therefore, 1,25(OH)2D3-3-
BE has a strong therapeutic potential in prostate cancer.      

Phospholipid nanosomes are small, uniform liposomes that are made up of biocompatible 
phospholipids and cholesterol; and they are designed to encapsulate vitamin D drugs in the lipid-
bilayer of the nansomes.  Nanosomal formulation of 1,25(OH)2D3-3-BE is designed to further 
reduce systemic toxicity, increase circulatory half-life and efficacy resulting in an improved 
therapeutic index for this vitamin D–based drug in prostate cancer.   

In summary, novelty of our approach is development of a derivative of 1,25(OH)2D3 
(1,25(OH)2D3-3-BE)  to kinetically engage VDR to increase the half-life of 1,25(OH)2D3 , and 
increase its potency,   Nansomal formulation will further increase its circulatory half-life and 
efficacy, and decrease toxicity.   
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Meeting Abstract 3:  

Fourteenth Brown University Symposium on vitamin D, Providence, RI, June 22-23, 2007 

Abstract: 
 
Harnessing the pharmacodynamic properties of vitamin D analogs: an old wine in a new 
bottle.  Rahul Ray, Ph.D., Boston University School of Medicine, Boston, MA 
 
Therapeutic potential of 1,25(OH)2D3-analogs depends on their pharmacodynamic/ 
pharmacokinetic properties including bioavailability and catabolic potential.  Affinity labeling 
analogs of 1,25(OH)2D3, that alkylate the ligand binding pocket of vitamin D receptor (VDR) 
can potentially avoid catabolism with the resultant effect of higher pharmacological efficacy at 
lower doses.  1,25-Dihydroxyvitamin D3-3-bromoacetate [1,25(OH)2D3-3-BE], a VDR-affinity 
alkylating analog of 1,25(OH)2D3 displays significantly stronger growth-inhibitory effect than 
the parent hormone in prostate (androgen-sensitive and androgen-insensitive), kidney, pancreas 
and bladder cancer cells, but not in breast, colon and lung cancer cells.  1,25(OH)2D3-3-BE also 
shows strong tumor inhibition in a mouse xenograft model of androgen-insensitive prostate 
cancer.  Probable mechanism of action of this VDR-alkylating analog will be discussed.  
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